Introduction {#sec1-1}
============

Patients are categorized based on clinical acuity in the emergency departments (EDs) so the more critically-ill patient is, the more immediate treatment and care needs.\[[@ref1]\] The Canadian Triage and Acuity Scale (CTAS) is a five-level emergency department triage algorithm that has been continuously developed in Canada and subjected to several studies.\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] The CTAS, a descriptive 5-point triage scale, has been approved by the Canadian Association of Emergency Physicians, the National Emergency Nurses Affiliation, the Canadian Pediatric Society and the Society of Rural Physicians of Canada. The CTAS is based on a comprehensive list of patients\' complaints is used to ascertain the triage level. Each complaint has been described in details covering high-risk indicators.\[[@ref15]\]

Several studies\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] have investigated the validity and reliability of the CTAS in adult and pediatric populations; but it\'s still unclear to what extent the CTAS would support consistency in triage nurses\' decision making in Canada comparing to other countries, considering the wide variety of health care systems around the world. Besides, some studies\[[@ref16][@ref17]\] have addressed contextual influences on the triage decision making process, therefore it is necessary to discover the impact of these variables on the reliability of triage scale. However some studies reported moderate consistency for CTAS,\[[@ref18]\] it needs to be more explored in terms of participants, statistics, instruments and other influencing criteria as well as mistriage.

The reliability of triage scales should be assessed by internal consistency, repeatability and inter-rater agreement.\[[@ref8]\] However, kappa has been the most commonly used statistics to measure inter-rater agreement, so it is worth-mentioning that kappa statistics could be influenced by incidence, bias and levels of scale lead to misleading results.\[[@ref19][@ref20][@ref21]\] It is reported that weighted kappa statistics could reveal high and deceiving reliability coefficients.\[[@ref8]\] Therefore computing a pooled estimate of a reliability coefficient could help us identify significant differences among reliability methods.

Meta-analysis is a systematic approach for introduction, evaluation, synthesis and unifying results in relation to studying research questions. It also produces the strongest evidence for intervention.\[[@ref22]\] Therefore; it is an appropriate method to gain comprehensive and deep insight into the reliability of triage scale especially in regard to kappa statistics.

A review on reliability of the CTAS demonstrated that kappa ranges from 0.202 (fair) to 0.84 (almost perfect).\[[@ref18][@ref19][@ref20][@ref21][@ref22][@ref23]\] The considerable variation in the kappa statistics indicates a real gap in the reliability of triage scale. So in view of the methodological limitations of the triage scale reliability, context-based triage decision making and the necessity of comprehensive insight into scale reliability in the EDs, the aim of this study was to provide a meta-analytic review of the reliability of the CTAS in order to examine to what extent the CTAS is reliable.

Materials and Methods {#sec1-2}
=====================

The University Research ethics committee approved the study. In the first phase of the study, a literature search was conducted through investigating Cinahl, Scopus, Medline, Pubmed, Google Scholar and Cochrane Library databases until the 1^st^ March 2014. Meta-analysis has been performed from Jan to July 2014 and authors started to collect data from March 2014. Searching databases were not limited to time periods. The search terms included "Reliability", "Triage", "System", "Scale", "Agreement", "Emergency" and "Canadian Triage and Acuity Scale" \[[Appendix A](#APP1){ref-type="app"}\].

Relevant citations in reference lists of final studies were hand-searched to identify additional articles regarding the reliability of CTAS. Two researchers independently examined the search results in order to recover potentially eligible articles \[[Figure 1](#F1){ref-type="fig"}\]. Authors of research articles were contacted to retrieve supplementary information if needed.

![Results of literature search and selection process](NAJMS-7-299-g001){#F1}

Irrelevant and duplicated results were eliminated. Irrelevant article has been defined as article which was not related in any manner to the Canadian triage and acuity scale or didn\'t contain reliability coefficient. Only English language publications were reviewed. Articles have been chosen according to the Guidelines for Reporting Reliability and Agreement Studies (GRRAS).\[[@ref24]\] According to the guidelines, only those studies that had reported description for sample size, number of raters and subjects, sampling method, rating process, statistical analysis and reliability coefficients were included in the analysis. Each item was graded qualified if described in sufficient detail in the paper. Qualified paper was defined as a paper with qualifying score \>6 out of the 8 criteria. Disagreements were resolved by consensus. The articles in which the type of reliability was not reported were excluded from the analyses. Researchers also recorded moderator variables such as participants, raters, origin and publication year of study.

In the next phase, participants (age-group, size), raters (profession, size), instruments (live, scenario), origin and publication year of study, reliability coefficient and method were retrieved. Reliability coefficients were extracted from articles as below:

\- Inter-rater reliability: Kappa coefficient (weighted and un-weighted), intraclass correlation coefficient, Pearson correlation coefficient and Spearman rank correlation coefficient.- Intra-rater reliability: Articles which contained reliability statistics including Pearson correlation coefficient, intraclass correlation coefficient and Spearman rank correlation coefficient were included.- Internal consistency: Articles that reported alpha coefficients were included in the analyses.

In meta-regression, each sample was considered as a unit of analysis. If the same sample were reported in more than two articles, it was included once. In contrast, if several samples regarding different populations were reported in one study, each sample was separately included as a unit of analysis.

Pooling data was performed for all three types of reliability. The most qualified articles reported reliability coefficient using kappa statistics, so it could be considered as an r type of coefficient ranging from −1.00 to + 1.00. Standard agreement definition was used as poor (κ = 0.00-0.20), fair (κ = 0.21-0.40), moderate (κ = 0.41-0.60), substantial (κ = 0.61-0.80), and almost perfect (κ = 0.81-1.00).\[[@ref20]\] Kappa could be treated as a correlation coefficient in meta-analysis.\[[@ref25]\] In order to obtain the correct interpretation, back-transformation (z to r transformation) of pooled effect sizes to the level of primary coefficients was performed.\[[@ref26][@ref27]\] Fixed effects and random effects models were applied. Data was analyzed using Comprehensive Meta Analysis software (Version 2.2.050).

Simple meta-regression analysis was performed according to method of moments estimator.\[[@ref28]\] In the meta-regression model, effect size as dependent variable, and studies and subject characteristics as independent variable were considered to discover potential predictors of reliability coefficients. Z-transformed reliability coefficients are regressed on the following variables: Origin and publication year of study. Distance was defined as distance from origin of each study to origin of CTAS (New Brunswick, Canada). Meta-regression was performed using a random effects model because of the presence of significant between-study variation.\[[@ref29]\]

Results {#sec1-3}
=======

Search strategy introduced 339 primary citations relevant to the reliability of CTAS. Finally, Fourteen unique citations emerged (4.12% out of 339) which met the inclusion criteria \[[Figure 1](#F1){ref-type="fig"}\]. Subgroups were organized regarding participants (Adult/pediatric), raters (nurse, physician, expert) and method of reliability (intra/inter rater), reliability statistics (weighted/un-weighted kappa) and origin and publication year of study. A. M. has over 10 years of experience in triage and M. E. as an expert, is the head of triage committee in the university. Two clinicians (A. M. and M. E.) and one statistician (R. M.) have reviewed all articles independently. Minor disagreements have been discussed to reach a consensus. The level of agreement among reviewers through final selection of articles was almost perfect.

A total of 29225 cases were included in analysis \[[Figure 2](#F2){ref-type="fig"}\]. The reliability of CTAS has been assessed in two different countries. The publication year of studies ranged from 1999-2013 with median 2005. Thirty percent of all studies have been conducted using the latest version of triage scale after 2008. Inter-rater reliability had been used in all studies except for one study using intra-rater reliability. No study in our analysis used alpha coefficient to report internal consistency in reliability analysis. Weighted kappa coefficient was the most common statistics \[[Table 1](#T1){ref-type="table"}\]. Overall pooled coefficient for the CTAS was substantial 0.672 (CI 95%: 0.599-0.735).

![Pooled estimates of participants\' reliability coefficients (Random effects model)](NAJMS-7-299-g002){#F2}

###### 

Studies on reliability of CTAS

![](NAJMS-7-299-g003)

Participants\' pooled coefficients ranged from substantial 0.651 (CI 95%: 0.402-0.811) for nurse-expert agreement, 0.670 (CI 95%: 0.073-0.913) for physician-physician agreement, 0.721 (CI 95%: 0.630-0.793) for nurse-nurse agreement to almost perfect 0.800 (CI 95%: 0.774-0.823) for nurse-physician agreement \[[Figure 3](#F3){ref-type="fig"}\].

![Fisher\'s Z transformed pooled estimates of participants\' reliability (Random effects model) (NE = Nurse-expert, NN = Nursenurse, NP = Nurse-physician, PP = Physician-physician)](NAJMS-7-299-g004){#F3}

Agreement regarding adult and pediatric version of the CTAS was substantial 0.746 (CI 95%: 0.675-0.804) for adult and 0.598 (CI 95%: 0.375-0.714) for pediatrics.

Agreement regarding paper-based scenario assessment was substantial 0.698 (CI 95%: 0.620-0.762) while it was almost perfect 0.900 (CI 95%: 0.875-0.920) for real live cases assessment.

Agreement regarding inter-rater and intra-rater reliability was substantial 0.708 (CI 95%: 0.629-0.773) and almost perfect 0.800 (CI 95%: 0.773-0.824) respectively. Agreement relating to weighted kappa was substantial 0.714 (CI 95%: 0.639-0.775) and also moderate 0.475 (CI 95%: 0.127-0.389) for un-weighted kappa. Also agreement regarding most updated version was substantial 0.621 (CI 95%: 0.446-0.751) and 0.742 (CI 95%: 0.655-0.811) for prior version.

Eight studies\[[@ref4][@ref7][@ref8][@ref9][@ref11][@ref30][@ref31][@ref32]\] have reported (5 × 5) contingency table to show frequency distribution of triage decisions upon each CTAS level between two raters \[[Table 2](#T2){ref-type="table"}\]. Overall agreement was (57.18%). Agreement for each CTAS level was CTAS L-1 (18.14%), CTAS L-2 (7.63%), CTAS L-3 (7.90%), CTAS L-4 (9.18%), CTAS L-5 (14.33%) and disagreement was (5.80%), (7.89%), (12.84%), (12.54%), (3.76%) respectively. Mistriage decisions were (42.82%), of which overtriage was (25.52%) and undertriage (17.30%) \[[Table 2](#T2){ref-type="table"}\].

###### 

The Contingency table of triage decision distribution relating to each CTAS category among ED raters\[[@ref4][@ref7][@ref8][@ref9][@ref11][@ref30][@ref31][@ref32]\]
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Meta-regression analysis based on the method of moments for moderators (distance and publication year) was performed. Studies in terms of the distance from the origin of the CTAS in Canada significantly showed lower pooled coefficients, in other terms studies did indicate higher pooled coefficients for the nearest places rather than farther places (B = −0.00003; SE~b~ = 0.00000; *P* = 0.0000). Analysis of studies in terms of publication year of study revealed insignificant increase in reliability pooled coefficients, so the reliability of CTAS has not been increased systematically through the years (B = 0.00005; SE~b~ = 0.00187; *P* = 0.9700).

Discussion {#sec1-4}
==========

The overall reliability of the CTAS is substantial in the emergency departments. The CTAS showed acceptable level of reliability to guarantee decisions were made consistently regarding allocating patients to appropriate categories. It supports evidence-based practice in the emergency department.\[[@ref18]\] but generally it\'s worth-mentioning that there is a considerable gap between research and clinical practice even at the best of times.\[[@ref33]\] In addition, most studies used weighted kappa statistics to report reliability coefficient \[[Table 1](#T1){ref-type="table"}\] and the fact that weighted kappa statistics overestimates the reliability of triage scale\[[@ref8]\] make it necessary to interpret the results with extreme caution. So probably it\'s important to bear in mind that the CTAS reliability is actually at the moderate level which is congruent with several studies.\[[@ref18]\]

A calculated 42.82% triage decisions were recognized as mistriage. However (25.52%) of them as overtriage decisions are clinically plausible and could extenuate disagreement among raters in favor of patients, an alarming issue is that (13.69%) of triage decisions is related to undertriage in level I and II that it\'s notable to endanger critically-ill patients life \[[Table 2](#T2){ref-type="table"}\].

Post-hoc analysis revealed that level III has been predominant among Dong *et al*.,\[[@ref7]\] Gravel *et al*.,\[[@ref9]\] Dellaire *et al*.,\[[@ref11]\] and Dong *et al*.\[[@ref31]\] on the other hand level I has been prevailing among Manos *et al*.,\[[@ref4]\] Goransson *et al*.,\[[@ref8]\] and Goransson *et al*.\[[@ref32]\] In spite of the fact that (15.21%) of patients have been assigned into level I has been recognized as notable case-mix of patients in the emergency department, it cannot be concluded that CTAS has a tendency toward prioritizing patients into level I because only three studies are congruent with combined result. However ESI has tendency towards categorizing patients as level 2 (23.39% of all), CTAS has appropriately distributed patients among triage levels. In fact, the CTAS appropriately distribute patients into triage categories, so it has not a tendency to allocate patients into any specific level. Therefore it guarantees to prevent influx of patients in specific category. This influx could create significant disturbance in patient flow in the EDs and causes other parts of ED to remain unusable.\[[@ref17]\]

Comparing to other triage scales, mistriage in ESI (10.93%) is notably lower than CTAS and agreement among raters (78.56%) is higher than CTAS. Unlikely, Worster *et al*., indicated CTAS has higher agreement than ESI.\[[@ref6]\] It can be justified that Canadian hospitals are more familiar with CTAS.

The CTAS show diverse pooled reliability coefficients regarding participants, patients, raters, reliability method and statistics. Results demonstrated agreement upon adult version and among nurse-physician were higher than pediatrics version and the other groups of raters, respectively. This result is congruent with ESI moderators.\[[@ref17]\] All of these moderator variables could lead further studies to explore more exclusively. The CTAS has been documented and supported substantially by scientific evidence in Canada. Only Sweden has reported reliability studies on CTAS except Canada \[[Table 1](#T1){ref-type="table"}\]. In this way, metaregression showed there is a significant difference in terms of distance from origin of CTAS. It shows that CTAS has reached lower reliability coefficients in farther countries \[[Table 3](#T3){ref-type="table"}\]. One reason refers to complaint-based nature of CTAS that could be translated changeably in routine practice comparing to the Canada. This result is opposed to ESI triage scale generalizability which has shown the ESI triage scale could be adopted successfully in other countries in spite of cultural diversities.\[[@ref17]\]

###### 

Meta-regression of Fisher\'s z-transformed kappa coefficients on predictor variables (Studies with weighted kappa)
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The third edition of CTAS has been released\[[@ref15]\] and the reliability of triage scales has not been significantly improved through the years indicating revisions had considerably been effective. Therefore, the CTAS could be enhanced through the years and shown improved reliability \[[Figure 4](#F4){ref-type="fig"}\].

![Fisher\'s Z-transformed kappa coefficients in relation to the Publication year of study](NAJMS-7-299-g007){#F4}

In general, intra-rater reliability is more satisfactory than inter-rater reliability,\[[@ref34]\] so it revealed almost perfect agreement comparing to substantial agreement for inter-rater reliability. While intra and inter rater reliability are intended to report the degree to which measurements taken by the same and different observers are similar, respectively; other methods of examining reliability has remained uncommon in studies regarding the triage reliability.\[[@ref35]\]

Weighted kappa coefficient showed substantial agreement. In fact, weighted kappa coefficient revealed higher reliability than un-weighted kappa coefficient because it put more emphasis on the large differences between ratings than to small differences.\[[@ref36]\] Thus It\'s worth-mentioning even one category difference in allocating patients into appropriate category could endanger clinical outcomes of critically-ill patients. So un-weighted kappa statistics provides more realistic estimation of triage scales reliability.\[[@ref8][@ref38]\]

A number limitation of this study must be noted. In our analysis, none of these studies have reported raw agreement for each individual CTAS level and only few studies have presented contingency table for inter-rater agreement between raters. Since this study is limited to overall reliability, some inconsistencies may exist across each CTAS level, therefore the results should be interpreted with caution.

Conclusion {#sec1-5}
==========

Overall, the CTAS triage scale showed acceptable level of reliability in the emergency department, also it appropriately distributes patients into triage categories. Therefore it needs more development to reach almost perfect agreement and decrease disagreement especially undertriage. The reliability of triage scales requires a more comprehensive approach including all aspects of reliability assessment, so it\'s necessary to conduct further studies concentrating on the reliability of triage scales, especially in different countries.
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